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BACKGROUND AND OBJECTIVES: Routine human papillomavirus (HPV) vaccination is recommended at
ages 11 to 12 years and may be initiated as early as 9 years of age.

meTHODS: Data were derived from the National Immunization Survey-Teen, spanning
2008-2018. Using health care provider-verified vaccination histories, we examined trends in
human papillomavirus vaccination up-to-date (HPV-UTD) rates within ages 9 to 12 years.
Furthermore, we assessed vaccination status by sociodemographic factors and US state of
residence.

RresuLrs: Overall, amid evidence of recent stagnation, HPV vaccination between ages 9 to 12
increased over the years. Initiation rates rose from 17.3% in 2008 to 62.8% in 2018, and HPV-
UTD rates rose from 13.5% in 2011 to 32.8% in 2018. After the inception of gender-neutral
HPV vaccination, HPV-UTD rates between 2011 and 2018 rose by 31.9% among boys and only
6.6% among girls. For most of the study period, non-Hispanic Black and Hispanic individuals
had higher rates of initiation and HPV-UTD than non-Hispanic white individuals. In 2018,
vaccination initiation rates exceeded 70% in several states; however, HPV-UTD rates in most
US states were <50%, excluding Rhode Island (61.6%), Colorado (58.7%), Hawaii (53.5%),
District of Columbia (53.2%), and Ohio (50%).

concLusions: HPV vaccination within ages 9 to 12 years is suboptimal. To leverage the
substantial benefits of HPV vaccination within this age range, it is imperative that conscious
efforts are taken at the national and state levels to promote HPV vaccination for this age

group.

@0

WHAT’S KNOWN ON THIS SUBJECT: The United States
failed to achieve the Healthy People 2020 target of
attaining 80% human papillomavirus (HPV) vaccination
coverage. Early HPV vaccination within ages 9 to 12
years is associated with higher efficacy and higher
rates of uptake and completion of the vaccination
series.
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WHAT THIS STUDY ADDS: In this study, we investigate
disparities and HPV vaccination trends in US children
within ages 9 to 12 years over a 10-year period after
the inception of the national HPV vaccination program.
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Although human papillomavirus
(HPV)-associated cancers are vaccine
preventable, their overall incidence in
the United States is on the rise,?
with >40 000 new cases occurring
every year. The Healthy People 2020
target was to attain 80% HPV
vaccination coverage by year 2020
however, this goal has not been
achieved, because uptake rates
remain significantly suboptimal. In
2018, human papillomavirus
vaccination up-to-date (HPV-UTD)
rates among US teenagers (13-17
years) was 51.1%," significantly
lower than rates in other developed
nations with similar national
vaccination program initiation
points.5 For example, in 2017,
coverage rates in Australia for the
same age group exceeded 75% in
girls and 69% in boys.® Identifying
this as a major public health concern,
in June 2018, all National Cancer
Institute-designated comprehensive
cancer centers in the United States
came together to fully endorse a goal
of eliminating HPV-associated cancers
through widespread gender-neutral
HPV vaccination.”

The Advisory Committee on
Immunization Practices (ACIP) of the
US Centers for Disease Control and
Prevention (CDC) recommends
routine HPV vaccination at ages 11 to
12 years but also states that the
vaccination series may be initiated as
early as 9 years of age.® However, the
American Academy of Pediatrics has
stated its support for categorically
expanding this recommended age
period for routine HPV vaccination to
ages 9 to 12 years.g

Vaccination between ages 9 to 12
years is important for several
reasons. First, HPV vaccination
administered within this age range is
associated with higher levels of
immunogenicity and efficacy
compared with vaccination
administered outside this age range.
Studies conducted in Scotland
revealed that HPV vaccination within
the recommended age range had

higher rates of vaccine effectiveness
in preventing infection with
carcinogenic strains of HPV'® and
development of cervical
intraepithelial neoplasia’® than did
fully immunized women who
received the first dose of HPV vaccine
at 17 years of age. Second, HPV
vaccines are most effective when
administered before HPV infection. A
study revealed that 28.5% of female
individuals will get infected with HPV
within a year of their sexual debut.'?
Given that sexual activity is rare by
age 12 years'® and the prevalence of
sexual encounters and the attendant
risk of HPV infection rises
significantly as age increases through
adolescence, the 9 to 12 years age
bracket is a crucial window for
effective vaccination against HPV.!*
Third, HPV vaccination within the 9 to
12 years age bracket improves
population-level HPV vaccination
coverage. Evidence from countries
with successful HPV vaccination
programs and high vaccination
coverage rates, such as Australia and
Scotland, reveals that the highest
uptake occurs before age 13 years
and uptake rates decline steadily as
age increases beyond this point.'>*®
In the same light, a study revealed
that initiating the HPV vaccination
series at younger ages was associated
with higher rates of on-time
vaccination completion.'” Another
study revealed that initiating HPV
vaccination after age 12 (13 years
and older) doubled the odds of not
completing the vaccination series,
compared with those who initiated
vaccination before age 13 years.'®

Geographic and sociodemographic
differences have been described in
the uptake of HPV vaccination.'~%?
Yet few studies in the United States
have examined, at the national level,
disparities in vaccination uptake
within the crucial age bracket of 9 to
12 years. Furthermore, several
studies, including a yearly
surveillance report by the CDC,%**
have examined HPV vaccination

uptake trends among teenagers 13 to
17 years old; however, investigations
of similar national and subnational
trends have not been conducted
specifically for HPV vaccination
before age 13 years, for both boys and
girls. Given the centrality of HPV
vaccination in early adolescence to
vaccine efficacy'®'! and population-
level vaccination Coverage,ls’18 the
purpose with this study is to bridge
existing gaps in the literature by
examining trends in HPV vaccination
among US adolescents before their
13th birthday, by using national-level
immunization data.

METHODS

Data Acquisition

Data for this study were obtained
from the National Immunization
Survey-Teen (NIS-Teen), spanning
2008-2018. The NIS-Teen is

a population-based survey that
collects teenager vaccination data in 2
forms: (1) a household telephone
survey answered by eligible
respondents (parents or guardians to
a 13-17-year-old child in their
household) who are selected and
contacted through random digit
dialing and (2) an immunization
history questionnaire mailed to
health care providers. The
methodology used for the NIS-Teen
has been described in detail
previously.?® The NIS-Teen was
approved by the National Center for
Health Statistics research ethics
review board. Ethical approval for our
analysis was not required because all
data were fully anonymized and
publicly available.

Study Outcomes

Using health care provider-verified
vaccination histories, the index study
assessed HPV vaccination initiation
and HPV-UTD rates within ages 9 to
12 years. To achieve this, we
examined HPV vaccination status of
13-year-old cohorts in every study
year since the inception of the
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national HPV vaccination program in
the United States, with the
expectation that compliance with
ACIP recommendations is indicated
by HPV-UTD status by adolescents’
13th birthday. Initiation of HPV
vaccination was defined as receiving
at least 1 shot of HPV vaccine. HPV-
UTD was defined in accordance to the
2016 ACIP guidelines as (1) receipt of
3 or more doses or (2) receipt of 2
doses of the HPV vaccine, when the
first shot was administered before
age 15 years and the time between
the first and second dose was at least
5 months minus 4 days.

Data Analysis

Data were weighted to be
representative of the US population.
Specifically, the provider-phase
weights were used to estimate the
vaccination coverages as
recommended by the NIS. These
weights were created by using
adjustments for (1) nonresolution of
released telephone numbers, (2)
nonresponse to age-eligibility
screener questions, (3) subsampling
of 1 age-eligible child per household,
(4) interview nonresponse, and (5)
presence of multiple telephone lines
in the household.

Given that NIS-Teen samples include
teenagers 13 to 17 years old, we used
NIS-Teen variables that accounted for
age (in days, months, and years) at
receipt of HPV shots to assess study
participants’ vaccination status
between the ages of 9 and 12 years.
These data were not available for
years 2008-2010; therefore, our
estimation of HPV-UTD status starts
at year 2011. Similarly, gender-
neutral HPV vaccination in the United
States began in 2010; hence, our sex-
stratified estimation of vaccination
uptake (ie, initiation and HPV-UTD)
among boys begins at year 2011.

Additional poststratification
adjustments were made on the basis
of race and ethnicity, education of
mother, age category, sex, US state of
residence, telephone status, and
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FIGURE 1

Trends in routine HPV vaccination within ages 9 to 12 years, NIS-Teen, 2008—2018. HPV-UTD was
defined as receiving at least 2 shots of HPV vaccine. Vaccination status between ages 9 to 12 years
was derived by using NIS-Teen variables that accounted for age (in days, months, and years) at
receipt of HPV shots. These data were not available for years 2008—2010.

missing provider data to ensure
national representativeness.24

The weighted prevalence and
associated 95% confidence intervals
of initiation and HPV-UTD were
calculated for the overall study
sample. Vaccination status (initiation
and HPV-UTD) was stratified in
relation to sociodemographic
variables, including sex (male or
female), race (white or Black),
ethnicity (Hispanic or non-Hispanic),
and region (US state of residence).
Sociodemographic categorizations
were based on self-identification by
study respondents. The survey year
was included in a logistic model to test
for trends in HPV vaccination uptake.
The R package ggmap was used to
create the graphs for the region
estimates of vaccination coverage over
the years.?®> All analyses were
conducted by using R version 4.0.3.

RESULTS

The age-restricted (13-year-old
cohorts) sample sizes (unweighted
[n] and weighted [N]) for the survey
years included in this study were

2008 (n = 3455, N = 4067 653), 2009
(n = 3915, N = 3948 056), 2010 (n =
3914, N = 4041896), 2011 (n = 4763,
N = 4079539), 2012 (n = 3937, N =
4194 188), 2013 (n = 3735, N =
4120085), 2014 (n = 4292, N =
4196 860), 2015 (n = 4476, N =
4108938), 2016 (n = 4209, N =
4054732), 2017 (n = 4283, N =
4176 574), and 2018 (n = 3852, N =
4250369).

Overall, initiation of HPV vaccination
within ages 9 to 12 years increased
over the years, from 17.3% in 2008 to
62.6% in 2018 (Fig 1) (trend P <
.0001). HPV-UTD rates also rose
steadily, albeit at a slower pace, from
13.5% in 2011 to 32.8% in 2018
(trend P < .0001). Over the study
period, the rates of noncompletion of
HPV vaccination by age 13 years
increased. This increase in
noncompletion during this period was
depicted by the widening gap between
HPV vaccination initiation and HPV-
UTD over the study years, from 12.1%
in 2011 to 29.8% in 2018.

After the inception of gender-neutral
HPV vaccination in 2010, the rate of
HPV-UTD among boys increased by



31.9% from 2011 to 2018, whereas
HPV-UTD among girls rose by only
6.6% during the same period (Fig 2B).
Overall, Hispanic populations had higher
HPV vaccination uptake rates than non-
Hispanic Black or non-Hispanic white
populations or other racio-ethnic groups
throughout the study period (Fig 2 C
and D). In 2011, the HPV-UTD rate
among Hispanic populations was
17.8%, which was 6.6% and 0.8%
higher than those of non-Hispanic white
and non-Hispanic Black populations,
respectively. In 2018, the HPV-UTD rate
among Hispanic populations was
41.1%, which was higher by 12.4% and

7.6% than those of non-Hispanic white
and non-Hispanic Black populations,
respectively. Similarly, the overall HPV-
UTD rate was higher among non-
Hispanic Black populations compared
with non-Hispanic white populations
(17.0% vs 11.2% in 2011 to 33.5% vs
28.7% in 2018). Specific weighted
prevalence rates and associated
confidence intervals are provided in
Supplemental Table 1.

In 2018, rates of HPV vaccination
initiation exceeded 60% in 32 US
states and exceeded 70% in 16 states,
and only 1 state exceeded the 80%
threshold (Rhode Island, 85.6%) (Fig

3). Most states had HPV-UTD rates
<50%, excluding only Rhode Island
(61.6%), Colorado (58.7%), Hawaii
(53.5%), District of Columbia
(53.2%), and Ohio (50%) (Fig 4). The
states with the lowest HPV-UTD rates
were Mississippi (12.5%), Missouri
(14.2%), and Utah (15.7%).

DISCUSSION

Overall, although uptake of HPV
vaccination rose steadily over the years,
completion of the vaccination series by
age 13 years was low, with a large
proportion of adolescents getting their
full series as catch-up shots. In 2018,
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FIGURE 2

Trends in routine HPV vaccination within ages 9 to 12 years by sociodemographic factors, NIS-Teen, 2008—2018. A, HPV vaccination initiation by sex. HPV
vaccination surveys for boys were introduced in 2010, corresponding with the introduction of gender-neutral HPV vaccines, hence data are unavailable for
boys in 2008 and 2010. B, HPV-UTD by sex. HPV vaccination surveys for boys were introduced in 2010, corresponding with the introduction of gender-
neutral HPV vaccines, hence data are unavailable for boys in 2008 and 2010. HPV-UTD was defined as receiving at least 2 shots of HPV vaccine. Vaccination
status between ages 9 to 12 years was derived by using NIS-Teen variables that accounted for age (in days, months, and years) at receipt of HPV shots.
These data were unavailable for years 2008—2010. G, HPV vaccination initiation by race and ethnicity. D, HPV-UTD by race and ethnicity. HPV-UTD was
defined as receiving at least 2 shots of HPV vaccine. Vaccination status between ages 9 to 12 years was derived by using NIS-Teen variables that accounted
for age (in days, months, and years) at receipt of HPV shots. These data were unavailable for years 2008—2010.
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FIGURE 3

National maps depicting trends in HPV vaccination initiation within ages 9 to 12 years, by state, NIS-

Teen 2008-2018.

51.1% of teenagers aged 13 to 17 years
were HPV-UTD* however, per the index
study, 32.8% of the US adolescent
population in 2018 were HPV-UTD by
their 13th birthday. These data imply
that compliance with the ACIP
recommendation is poor, and HPV
vaccination is being deferred by

a significant proportion of the US
general population to the catch-up
phase: a period during which HPV
vaccination is less effective.'®'* This is
highly concerning.

Findings of this study also point to

a slowing in recent years of HPV
vaccination uptake within ages 9 to 12
years. After an initial momentum, HPV-
UTD rates mostly stagnated among
boys between 2015 and 2018, whereas
uptake rates slowed even further
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among girls over the study period, with
male HPV-UTD rates surpassing female
rates for the first time in 2018.
Researchers in a study conducted in
Europe also points to declining HPV
vaccination uptake rates.*® Although
researchers of this study of Danish girls
attributed vaccination declines to HPV-
related media coverage, further
investigation would be needed to gain
insight to the underlying causes of the
stagnation observed in HPV
vaccination uptake in the United States.
However, low levels of knowledge and
awareness of HPV vaccination within
the general US population®”%° could
be a potent contributor.

For most of the study period,
Hispanic and non-Hispanic Black
individuals had higher rates of HPV

vaccination initiation and completion
before age 13 years than non-
Hispanic individuals. This finding
deviates from those of previous
studies largely focused on other
vaccination age ranges, in which
researchers have shown higher HPV
vaccination uptake among non-
Hispanic white individuals.3%3!
However, the results of a systematic
review in which the data were
restricted to provider-verified
vaccination data corroborate our
finding of higher HPV vaccination
uptake among racial minorities
compared with non-Hispanic white
individuals.*?

Our analysis of vaccination uptake
over time in each US state revealed
marked regional differences in HPV
vaccination within ages 9 to 12 years.
Although all US states continue to
underperform, Rhode Island has
consistently achieved significantly
higher HPV vaccination rates within
the 9 to 12 years age bracket than
other US states. Several factors have
contributed to this standing,
including highly successful public
health programs and the fact that
Rhode Island is a universal vaccine
purchase state,®* with the state
covering costs and logistics of
procuring HPV vaccines, thereby
helping avert cost-related barriers to
HPV vaccination. Rhode Island’s
Vaccinate Before You Graduate
program, a school-based
immunization program targeting
adolescents entering seventh grade,
provides a valid explanation for our
finding of a relatively high HPV
vaccination completion by age 13
years in this state.>®> Another
impactful program implemented in
Rhode Island is the Assessment,
Feedback, Incentive, Exchange
program, a CDC-funded quality
improvement program that targets
practices in Rhode Island that have
low HPV vaccine administration rates.
This program employs a physician
consultant who visits each practice,
conducts on-site assessments, and
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National maps depicting trends in HPV-UTD within ages 9 to 12 years, by state, NIS-Teen 2008—2018.

provides postassessment
recommendations of strategies to
boost vaccination uptake.**

Achieving high HPV vaccination
coverage in girls and boys is essential
for the elimination of carcinogenic
strains of HPV,3* yet the United States
has failed to achieve the Healthy
People 2020 target of attaining 80%
HPV vaccination coverage and remains
significantly far from reaching this
goal. Given the advantages of
vaccination within ages 9 to 12 years,
which include immunologic

benefits, ! higher rates of on-time
vaccination completion,”'18 and
significant boosts to overall HPV
vaccination coverage,ls'16 aggressive
efforts must be taken to implement
established interventions (eg, standing
orders, administering vaccines in

a standard “bundle”)** aimed at
boosting HPV vaccination within ages
9 to 12 years. Moreover, findings of the
current study support American
Academy of Pediatrics’
recommendation to expand the
recommended period for HPV
vaccination to ages 9 to 12 years’ with

additional pertinent advantages. Our
finding of higher HPV vaccination
among racial minorities during this
period compared with their non-
Hispanic white counterparts is unique.
This may suggest that HPV vaccination
within this age range is favored by
minority populations, probably
because of the added benefit of
receiving the vaccine along with
others bundled and given at this time.
Thus, vaccination within the 9 to 12
years age bracket presents an
important opportunity to narrow the
existing disparities in HPV vaccination.
Nevertheless, vaccination in the catch-
up phase must also be encouraged for
individuals who could not receive the
vaccine within this ideal period.

Limitations of this study are mainly
related to the low response rates
associated with some study years of the
NIS-Teen. Nonetheless, this study has
several strengths. First, we used

a nationally representative data set that
has been consistently used to conduct
national surveillance on HPV
vaccination uptake among US teenagers.
Second, data used in this study were

obtained from health records by using
provider-verified vaccination histories.

CONCLUSIONS

It is important to investigate the
underlying factors responsible for the
disparities and stagnating rates of HPV
vaccination observed in this study,
such as the stagnating uptake rates
among girls and the low uptake rates
among non-Hispanic white populations
compared with other racio-ethnic
groups. Following models of other
high-income countries with high HPV
vaccination coverage, it is imperative
that the United States expand its
efforts centered on vaccination within
ages 9 to 12 years, particularly through
school-based programs. Rhode Island
serves as an important case study
because it presents key evidence that
high rates of HPV vaccination are
achievable in the United States with
the aid of effective public health
interventions. Hence, interventions
employed in this state should be
assessed for national scalability.
Evaluation of the efficacy of single-
dose vaccinations are under way>° and
may be a useful intervention to bridge
marked gaps between HPV vaccination
initiation and completion.
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